In this study, nystatin liposomal formulation was prepared and characterized. The physicochemical properties of formulations including vesicle size, drug entrapment stability and in vitro release were studied. The highest entrapment efficiency of nystatin into liposomes was obtained about 70% when cholesterol (CHO) was added to the formulations prepared with dipalmitoylphosphatidylcholine. In addition, the drug entrapment efficiency was decreased when distearoylphosphatidylcholine was used but it was improved by addition of CHO and hydration with 9% sucrose solution. Liposomes with uniform size distribution and average size of 100 nm were produced. Long term stability study indicated that the lyophilized liposomal nystatin was physically stable for at least 6 months at 4 C. In vitro anti-fungal activity of liposomal nystatin was found to be more effective than free nystatin against Candida albicans.
Introduction
Polyene antibiotics are a group of macrolide lactones that have antifungal activity against a wide variety of fungi. Administration of this group of antibiotics have recently increased due to the use of immunosuppressive drugs and increasing incidence of AIDS (1, 2) . Nystatin, the first polyene drug to be identified, is active against a wide variety of fungal pathogens including Candida, Aspergillus, Histoplasma and Coccidioides spp.
(4,5,6).
Nystatin has a similar structure to amphotericin B, but has a broader spectrum of action than amphotericin B and is used for the treatment of cutaneous, vaginal and oral candidiases by oral, pleural inhalation and topical administration (7) (8) (9) . Nystatin, has a broad spectrum of activity, but due to its low solubility in injectable solvents and toxicity, its use in the treatment of systemic fungal infections is limited (7, 8) . Unfortunately its clinical use, other than by topical application, has been shown systemic side effects and toxicity, manifested by thrombophlebitis, fever and rigors (10) . In addition it is regarded as toxic when given intravenously, but it is not absorbed across intact skin or mucous membranes (10) . Liposomes have previously been used as carriers for various of hydrophobic, poorly soluble drugs, and they have been shown to reduce side effects and ameliorate toxicity of certain drugs (11, 12) . Liposomes can also provide slow release of an encapsulated drug, resulting in sustained exposure to disease parts and enhanced efficacy (13) (14) (15) . As formulation of nystatin in concentrated pharmaceutical delivery systems for parenteral administration is very difficult, one way of improving the solubility of certain drugs is to formulate them into liposomes (16) . In the case of nystatin, besides these advantages, the properties of drug, i.e. potential of antifungal activity, make it worthwhile to develop liposomal formulation. Therefore based on mentioned results, a liposome-based formulation was developed in this study. The schematic structures of formulation ingredients including nystatin, dipalmitoylphosphatidylcholine (DPPC) and distearoylphosphatidylcholine (DSPC) are also shown in Figure 1 . Due to strong rational for preparation of nystatin liposomal formulation we attempted to optimize variables for obtaining liposomes with the best possible drug entrapment and stability. Also drug release kinetic and anti-fungal activity of LE-Nystatin and free nystatin were studied.
Materials and methods
Nystatin (USP 37) was purchased by In vitro release measurement was carried out at pH 7.4 at 37 °C in phosphate buffered saline (PBS). All the other chemicals were reagent grade.
Preparation of liposome
The formulation ingredients are summarized in Table 1 . The LE-Nystatin were fabricated by a thinfilm hydration method described by Moribe K 1999 (8) . Briefly; nystatin, DSPC or DPPC, and CHO were mixed and dissolved in 10 mL of mixture of methanol and chloroform (1:1, v/v). Organic solvents were slowly removed with rotary evaporator (Büchi Rotavapor R-124, Germany) at 40 °C, to deposit a thin film of dried lipid on the inner wall of the flask. The lipid film was then hydrated with 9% (w/v) sucrose solution or PBS pH 7.4, and stirred for one hour by rotating the flask at about 200 rpm at 40 °C until the lipid film was completely hydrated and a homogeneous dispersion was formed to obtain the multi-lamellar vesicles (MLVs).
Then they were extruded through stacked polycarbonate filters of 100 nm pore size for 11 cycles using a water-jacketed ExtruderTM (Northern lipids, Vancouver BC, Canada) to obtain small unilamellar vesicles (SUVs). Unencapsulated drug was removed from the preparation by dialysis. For doing this process, membranes were soaked overnight in PBS prior to use. The dialysis were maintained at 37 °C in a shaking water bath and then filled with obtained fornulation. The suspension was then freeze-dried for 48 h at -40 °C (Lyotrap Plus, LTE Scientific Limited, UK) to obtain a fine powder of liposomes, kept in a freezer at -20 ºC to protect the liposomes from heat and degradation.
Particle size and size distribution
The particle size and size distribution of the prepared liposomes in the extruded suspension were measured by laser light scattering (Zetasizer Nano ZS, Malvern Instruments Ltd., Malvern, UK). The dried powder samples were suspended in deionised water and sonicated before measurement.
Drug entrapment efficiency (DE)
The concentration of nystatin in liposomes was determined by spectrophotometrically (SCINCO, Seoul, Korea) method at 305 nm. An aliquot of the reconstituted nystatin liposomes was diluted with normal saline and then centrifuged (Sigma 3k30, Germany) at 21,000 × g for 30 min at 4 °C. Then the supernatant was analyzed by the spectrophotometric system. Linear regression analysis data for the calibration plot showed that there was a good linear relationship between response and concentration in the range of 1 to 100 µg/ml; the regression coefficient was 0.9989 and the linear regression equation was y = 0.0495 x + 0.0234 (n = 3). The absolute calibration curve method was used for calculation. The percentage of the drug entrapped in the liposomes was calculated as follows:
In vitro drug release In vitro release of nystatin from liposomal formulation was analyzed by membrane dialysis against PBS, pH 7.4 at 37 °C. Briefly, a 2 mL aliquot of reconstituted LE-Nystatin sample was placed in the membrane dialysis (with a MW cutoff of 10 K) and then suspended in a temperaturecontrolled, jacketed flask containing 400 mL of PBS. At various time intervals, aliquot samples were withdrawn and analyzed by spectrophotometric method described previously. Drug release data was normalized by converting the drug concentration in solution to a percentage of cumulative drug release. The experiments were carried out in triplicate. (22) . Control tubes contained no antifungal agent.
In vitro antifungal activity studies

Stability study
The stability of the lyophilized, reconstituted and diluted LE-Nystatin (F 2 and F 5 ) was evaluated after storage at -40, 4 and 25 °C for an extended period of time. The pH, particle size distribution and DE of the samples were determined as a function of the storage time. The drug content in the formulation was determined by analysis method described previously.
Statistical analysis
One way analyses of variance (ANOVA) test were performed on the data to assess the impact of the formulation variables on the in vitro results. P values of < 0.05 were considered significant. The results were analyzed by SPSS-19 software (USA).
Results
Formulation development
The data in Table 1 indicated that the best formulation consisted of DPPC/CHO (weight ratio of 50:10 (w/w) which drug to lipid weight ratio is 2: 5 (w/w).
In vitro drug release
The in vitro drug release from liposomes F 2 and F 5 are shown in Figure 2 and Figure 3 . In fact, both formulations produced an initial burst release in which drug release was more than 13% and 18% for F 2 and F 5 , respectively, within the initial sampling time (5 min). It can be seen that there was approximately 57.1% ± 0.98 drug release from F 5 and 40.2% ± 0.47 drug release from F 2 in PBS buffer over 200 min.
In vitro antifungal activity
The MIC of free and LE-Nystatin (F 2 ) are presented in Table 2 . It can be seen that the liposome nystatin possessed antifungal activity against Candidia albicans, ATCC = 10261. According to the results in this study ( improved the antifungal efficacy of nystatin on candidia albicans with MIC of 0.5 µg/ml in comparison with free drug with MIC of 2 µg/mL (p < 0.05).
Short and long stability of LE-Nystatin
For indicating the effect of lyophilization on stability of LE-Nystatin, F 2 and F 5 (in suspention and lyophilized form) studied at 4 ºC for up to 6 months. The reason for selection of these two formulations with the lowest and highest amount of CHO was the highest DE among the formulations. It can be obtained in Figure 4 and 5 that significant changes in DE and pH of suspension forms were observed in comparison with lyophilized form of liposomes during the course of stability study (p < 0.05). Figure 4 illustrates the DE (%) of lyophilized and eight-fold diluted reconstituted LE-Nystatin (F 2 ) at 4 C during 6 months. Figure 5 illustrates the pH of lyophilized and eight-fold diluted reconstituted LE-Nystatin (F 2 ) at 4 C during 6 months. It was observed that eight-fold diluted reconstituted samples were unstable up to 6 months. This result suggested that the lyophilized liposome showed a more stable state than liposome solution. Also eight-fold diluted LE-Nystatin physically is stable at -40 C for up to 6 months. No significant changes in mean vesicle size, pH and DE were observed during the course of stability study (data not shown). In addition, eight-fold diluted LE-Nystatin stored at 4 and 25 C was physically stable for up to 8 h. At 8 h time point, the mean vesicle diameter remained relatively constant at both storage temperature and no precipitation or drug crystals were observed (data not shown). Nystatin concentration remained unchanged at both temperature conditions over the course of the stability study (data not shown). Also stability data of pH for lyophilized and eight-fold diluted reconstituted LE-Nystatin (F 2 ) at 4 C during 6 months showed in Figure 6 .
Discussion
In the present study, the formulation of liposomes was synthesized in order to elucidate the solubility problems of nystatin, to achieve high drug entrapment in the liposomes, and improve antifungal properties and stability of LE-Nystatin. As shown in Table 1 , DE of liposomes prepared using DPPC was higher than those prepared by DSPC. This may be due to the high molecular weight of nystatin and its interaction with the chain and chemical structure of lipid. DPPC with two molecules of palmitoic acid can entrap large amounts of nystatin. Also because of hydrophobic introduction between acyl chain and nystatin, the DE is increased when DPPC phospholipid is used. Besides, the results showed DE depends mainly on the CHO content. Increasing CHO from 5 to 10 or 15 mg causes decreasing DE. This difference is significant (p < 0.05). In the absence of any protective agents, vesicle fusion and leakage of internal aqueous contents of liposomes can occur (23) . Sugars have been shown to act as protective agents during dehydration/rehydration of liposomes to prevent vesicle fusion and retention of encapsulated compounds within liposomes (24, 25 Table  3 , LE-Nystatin indicated higher antifungal activity in comparison with free drug. It may be due to the better penetration of liposome into the fungi cells and better delivery of nystatin to its site of action.
Furthermore, similarity structure between liposome and cell membrane of fungi may cause increasing the penetration into fungi cells. Also free liposome and medium as a control group did not have any antifungal effect. This difference is significant (p < 0.05) and correlated with previous studies (2,4). The stability is always a limitation factor for the application of liposomes. Phospholipids in liposomes are known to be sensitive to hydrolysis and oxidation in aqueous medium. Liposomes can be hydrolyzed to form lysophospholipids and free fatty acids. The lysophospholipid can be further hydrolyzed to glycerophosphate compounds and fatty acids. The hydrolytic degradation may change the rigidity of liposomal bilayers, retention of entrapped drug, and alter liposome size and distribution. To enhance the chemical and physical stability of the liposome formulations, lyophilization was used. Lyophilization would be expected to protect the liposome components from hydrolysis as it removes free water from the product, now ever; the preservation of the structural integrity of liposome during dehydration/rehydration process has presented considerable challenges to the pharmaceutical scientists (26, 27) .
Conclusion
In conclusion, nystatin liposomes were prepared using DPPC phospholipid in combination with CHO.
